consequently other safer alternatives to feed antimicrobials have been sought. Ways must also be found to improve the healthiness and safety of animal products reaching the consumer, and therefore safe natural products (e. g. probiotics, plant extracts, etc.) are at the centre of interest in this field.
used and its ability to inhibit pathogens. The strain should be genetically stable, it should have good growth promoting properties in vitro and in vivo, and maintain its high viability at processing and when in storage. Depending on the desired outcome, a probiotic strain may need to have additional properties, such as anticarcinogenic or hypocholesterolemic effects, or the ability to improve lactose utilization [15, 31] .
Despite intensive research in this field, up to the present time probiotics are not an adequate substitute for antibiotics. Therefore it is necessary to look for ways and means to increase the efficacy of probiotics. One such way would seem to be combining the probiotic microorganisms with synergistically acting components of natural origin (such as oligosaccharides, polyunsaturated fatty acids, organic acids, phytocomponents or trace elements) which intensify the mode of action of the probiotic microorganisms or extend the range of beneficial effects of a probiotic preparation on the host. Such combined preparations are called potentiated probiotics [6] .
Zinc, as an essential microelement, plays an important role in bacterial metabolism. Zinc is a part of many microbial enzymes, such as alcohol dehydrogenase, zincdependent proteinase, DNA-and RNA-polymerases, phospholipase C, endopeptidases or aminopeptidases [11, 22, 25, 39] . Zinc deficiency in microorganisms manifests itself by metabolic disturbances and by growth depression [9] .
Conversely, the antimicrobial effect of zinc is well-known, and therefore a microorganism must precisely control its adequate intracellular level [2] . There are significant differences in the susceptibility to zinc not only among different bacterial species but also among the bacterial strains.
Some bacteria, such as Brevibacterium sp. (strain HZM-1) isolated from the soil of the abandoned zinc mine or some strains of Bacillus spp., are zinc-resistant and they can grow in the presence of high concentrations of zinc and/or accumulate the zinc into the biomass easily [2, 30] . is expected to moderate dental caries [7] . The ability of zinc to inhibit the growth of E. coli is used in the prevention and therapy of post-weaning diarrhoea [21] . N a y a k et al. [27] have noted a significant reduction in the adhesion of Salmonella Typhimurium (P < 0.01) on poultry skin after the application of zinc chloride. The numbers of salmonellae on the skin were also reduced [27] . In addition to direct inhibition of pathogens, zinc has a positive influence on the immune system in an infected organism. The stimulating effect of zinc on cellular and humoral immune responses has been confirmed by many authors [3, 5, 18, 19, 23] .
Despite many studies on the relationship between zinc and bacteria, the interactions between zinc compounds and probiotic lactobacilli have not been studied adequately.
The present study was performed to evaluate the influence of zinc sulphate on several desirable properties of probiotic lactobacilli under in vitro conditions and to select the strain appropriate for potential use in the prevention of PWD.
MATERIALS AND METHODS

Microorganisms and culture conditions
Six strains of lactobacilli used for the study of their resistance to the addition of zinc in the growth media were isolated from the jejunum or ileum of one week-old piglets and were grown under anaerobic conditions in MRS broth agar 
Organic acids analysis
Organic acids in the bacterial cultures were determined by capillary isotachophoresis (ITP ZKI-01, Spišská Nová Ves, Slovak Republic). As conducting and finishing electrolytes, 0.001 mmol.l -1 hydrochloric capronic acid + 0.1 % methylhydroxyethyl cellulosic acid (MHEC) and 5 mmol.l -1 capronic acid were used.
Testing the resistance to low pH
The MRS broth was adjusted to pH 2 by an addition 
Adhesion to isolated porcine enterocytes
Isolation of the epithelial cells from the jejunum of a 7-day old piglet and the adhesion test were performed using the method of E v a n s et al. [16] . Adhesion was studied by light microscopy of Gram stained preparations, from which counts were made by arithmetical means ± standard deviation of numbers of bacteria adhering to 50 enterocytes.
Adhesion to crude intestinal mucin
Crude intestinal mucin was prepared from the small intestine of a weaned pig according to the method described by Š t y r i a k et al. . After incuba-tion, all discs were removed and the lactobacilli were killed by exposure to chloroform vapour for 30 min. The plates were then overlaid with 3 ml of 0.7 % PYG agar, which was seeded with 0.3 ml overnight culture of pathogen. After incubation for 24 h at 37 °C, the diameter of the inhibition zone around the disc was measured in mm. Three replicates were done for each zinc concentration.
Susceptibility to antimicrobials
The susceptibility to 21 antimicrobials were determined by a plate diffusion method using the antibiotic discs: streptomycin (30 µg.ml ) and cefquinome (10 µg.ml -1 ).
Zinc analysis
The zinc content in the bacterial supernatants was determined by atomic absorption spectrometry (A Analyst 100, Perkin Elmer-Elmer Co., Norwalk, USA).
Statistical analysis
The data were analyzed by the statistical software Graph Pad PRISM version 3.00. After analysis of variance (ANOVA), Tukey's test was used to identify the differences between the groups. The level of significance was set to P < 0.05.
RESULTS
The growth of six porcine .l -1 are presented in Table 1 . No significant differences in numbers of lactobacilli were found in comparison to the control. . Dur- .l -1 has produced significantly higher amounts of lactic acid after 2 h (P < 0.001) and also after 4 h (P < 0.001) as compared to the control without the addition of zinc (Table 3) . From 2nd to 4th hour of the incubation no significant increase in lactic acid concentration in either the zinc or in the control group was noted.
The influence of zinc on the ability of the L. plantarum CCM 7102 to resist incubation by pH 2 is shown in Fig. 2 .
This strain can be characterized as an acid-resistant and 250 mg Zn
2+
.l -1 of the medium did not negatively influenced its acid-tolerance. After 4 hours of the incubation by pH 2 the reduction of viable cells was of 4.6 log in both groups.
Lactobacilli were able to survive for 8 hours in numbers about 10 2 cfu.ml ) had only a weak negative effect on the resistance of strain CCM 7102 to bile salts (Fig. 3) . The number of microorganisms at time 0 was al- This strain was classified as weakly adherent to porcine intestinal mucin and zinc had not influenced its adhesion (Table 4 ).
The addition of zinc to the growing media for L. plantarum CCM 7102 had increased its inhibitory efficiency towards pathogens (Fig. 5) . The growth of E. coli O8:K88 to the gut mucosa [12, 38] . By oral administration of probiotics, their acid-resistance has a marked effect on their numbers and viability during passage through the stomach. C o n w a y and K j e l l e b e r g [14] reported that the antibacterial effect on lactic acid bacteria is evident by pH lower than 2.5. N e u m a n n and F e r r e i r a [29] have studied the influence of artificial gastric fluid (pH 2) in 3 strains of L. acidophilus, whereby the numbers of bacteria were reduced by 2-2.5 log after 2 h, and by 3.5-4 log after 4 h.
In this study all 3 strains were classified as acid-resistant.
The numbers of our strain were reduced (pH 2) by 2-2.5 after 2 h, by 4.5 after 4 h, and after 8 h this strain survived in numbers of 10 2 cfu.ml and salmonellae was noted by other authors [13, 21, 27 ].
Even though some bacteria (e. g. Bacillus spp., Microcystis spp., some rumen bacteria) are able to bind zinc from their environment, our strain did not have this property [20, 33, 37] .
CONCLUSIONS
Based on our results it is possible to consider using zinc sulphate (in concentrations 100-500 mg Zn and also the resistance to bile salts is affected only weakly.
